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METHODS FOR TREATING AVM’S USING 
RADIOACTIVE COMPOSITIONS 

BACKGROUND OF THE INVENTION 

BACKGROUND OF THE INVENTION 

[0001] This invention is directed to methods for treating 
arteriovenous malformations (AVM) by use of radioactive 
compositions. Speci?cally, these methods entail the in vivo 
delivery of radioactive compositions Which are delivered as 
a ?uid to one or more vascular sites in the AVM. Subsequent 
solidi?cation of this composition in the AVM results in 
vascular emboliZation to at least partially ablate the AVM as 
Well as delivery of a controlled amount of radiation to 
further ablate the AVM and to inhibit regroWth of the AVM. 

[0002] In one embodiment, the ?uidic radioactive compo 
sitions employed in the methods of this invention comprise 
a biocompatible polymer, a biocompatible solvent and a 
radioactive agent Which provides a suf?cient dose of radia 
tion to at least partially ablate the AVM. In another embodi 
ment, the ?uidic radioactive compositions employed in the 
methods of this invention comprise a biocompatible pre 
polymer, a radioactive agent and optionally a biocompatible 
solvent Which provides a suf?cient dose of radiation to at 
least partially ablate the AVM and to inhibit regroWth of the 
AVM. 
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State of the Art 

[0021] An arteriovenous malformation (AVM) is a con 
genital disorder characterized by a complex, tangled Web of 
arteries and veins. An AVM may occur in the brain, brain 
stem, or spinal cord of a mammal or may be at a peripheral 
site such as in the pelvic areas, limbs, lungs, etc. and is 
caused by abnormal development of blood vessels. The most 
common symptoms of AVM include hemorrhaging (bleed 
ing) and, for AVMs of the brain, brainstem or spinal cord, 
seiZures, headaches, and neurological problems such as 
paralysis or loss of speech, memory, or vision. The symp 
toms of AVMs are often due to circulatory “steal” or 
insufficiencies caused by the AVM. 

[0022] AVMs, particularly those located in the brain or 
spine of mammals (humans), are dif?cult or dangerous to 
treat. Cerebral AVMs, for eXample, are most commonly 
discovered in young human adults aged 20-40 years. These 
lesions are usually detected in patients as the result of a 
seiZure or hemorrhage. AVMs hemorrhage at a rate of 4% 
per year.13 Approximately half of these hemorrhages Will 
carry signi?cant morbidity or mortality and, accordingly, the 
lifetime risk of hemorrhage can be substantial. 

[0023] Treatment of AVMs has employed a team approach 
utiliZing combined modality therapy.14 Three modalities of 
treatment heretofore employed include endovascular intro 
duction of tissue glues Which occlude parts or all of the 
AVM, microsurgical techniques to remove the AVM or 
radiosurgery (focused radiation) to ablate the AVM. Com 
bined modality therapies include a ?rst reduction of the 
AVM via endovascular introduction of tissue glues folloWed 
by stereotactic radiosurgery Where a focused beam of radia 
tion is used on a one-time treatment basis at a dose of from 
about 10 to 30 Gy With an average dose of about 20 Gy. This 
radiation causes changes in blood vessel Walls, and over the 
course of 2-3 years the remainder of the AVM can be 
obliterated. This technique is most effective in smaller 
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lesions (diameters less than 2.5 cm). Obliteration rates of up 
to 85% have been reported by tWo years after treatment. The 
risk of injury to surrounding normal tissue (e. g., brain tissue) 
is signi?cant and is dependent upon the dose and focus of the 
radiation used Which is kept to minimal levels to prevent 
collateral damage to healthy tissue. 

[0024] NotWithstanding the bene?ts of a team approach of 
combined modalities for the treatment of AVMs, such a team 
approach requires at least tWo separate medical procedures 
on the patient. Accordingly, simpler procedures to effect 
treatment of AVMs Would be particularly bene?cial. 

SUMMARY OF THE INVENTION 

[0025] This invention is directed to methods for treating 
AVMs by use of radioactive emboliZation compositions. 
These compositions are delivered to one or more vascular 
sites of the AVM in a mammal as a ?uid,composition Which 
solidi?es in vivo to form a solid, coherent radioactive mass. 
The solidi?ed mass emboliZes the vascular site thereby 
ablating or obliterating at least part of the AVM and the 
radioactivity attendant With the composition results in fur 
ther ablation or obliteration of the AVM and inhibits 
regroWth of the AVM. This combined approach reduces the 
number of steps required to effect treatment of the AVM 
thereby providing a one-step treatment regimen for treating 
AVMs While inhibiting regroWth of the AVM. 

[0026] Accordingly, in one of its method aspects, this 
invention is directed to a method for treating an arterio 
venous malformation in a mammal Which method com 

prises: 

[0027] (a) selecting a ?uidic composition comprising 
a biocompatible polymer, a biocompatible solvent 
and a Water insoluble radioisotope; and 

[0028] (b) injecting a suf?cient amount of said com 
position into one or more vascular sites leading to or 
Within the AVM under conditions Wherein a solid 
mass is formed thereby ablating at least part of the 
AVM 

[0029] Wherein the radioisotope is employed in an amount 
effective to further ablate the AVM and inhibit regroWth of 
the AVM. 

[0030] Preferably the radioactive ?uid composition 
employed in this aspect of the methods of this invention 
comprises: 

[0031] (a) a biocompatible polymer; 

[0032] (b) a biocompatible solvent; and 

[0033] (c) from about 0.1 to about 35 Weight percent 
of a Water insoluble radioisotope having a radioac 
tive content of from about 0.1 microcuries to about 
35 microcuries. 

[0034] The biocompatible polymer employed in these 
compositions and methods can be either a biodegradable 
polymer or a non-biodegradable polymer but is, preferably, 
a non-biodegradable polymer. 

[0035] In another aspect of this invention, the biocompat 
ible polymer can be replaced With a biocompatible prepro 
lymer and, When so used, the presence of the biocompatible 
solvent becomes optional. In this embodiment, this inven 
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tion is directed to a method for treating an arteriovenous 
malformation in a mammal Which method comprises: 

[0036] (a) selecting a ?uidic composition comprising 
a biocompatible prepolymer, a Water insoluble radio 
isotope and optionally a biocompatible solvent; and 

[0037] (b) injecting a suf?cient amount of said com 
position into one or more vascular sites leading to or 
Within the AVM under conditions Wherein a solid 
mass is formed thereby ablating at least part of the 
AVM 

[0038] Wherein the radioisotope is employed in an amount 
effective to further ablate the AVM and inhibit regroWth of 
AVM. 

[0039] Preferably the radioactive ?uid composition 
employed in this aspect of the methods of this invention 
comprises: 

[0040] (a) a biocompatible prepolymer; 

[0041] (b) an optional biocompatible solvent; and 

[0042] (c) from about 0.1 to about 35 Weight percent 
of a Water insoluble radioisotope having a radioac 
tive content of from about 0.1 microcurie to about 35 
microcurie. 

[0043] In a preferred embodiment of either of the method 
aspects, the amount and radioactive content of the radioiso 
tope is suf?cient to provide for a cumulative ioniZing radia 
tion dosage at the site of implantation in a mammalian 
subject of from about 3 to about 30 Gray (Gy) as measured 
at a distance approximately 2 millimeters aWay from the 
vessel Wall adjacent the vascular site leading to or Within the 
AVM Wherein the solid mass Was formed. 

[0044] It is, of course, understood that both the activity of 
the radioactive element and dose of radiation delivered to 
the AVM varies Widely due to the requirements of different 
AVMs, volume of tissue treated, etc. Evaluation of such 
factors to determine the appropriate activity of the radioac 
tive isotope and the dose of radiation delivered is Well Within 
the skill of the art. 

[0045] In a further preferred embodiment of either of the 
method aspects, the biocompatible solvent is dimethylsul 
foXide (DMSO), ethanol, ethyl lactate or acetone. 

[0046] In one embodiment, the radioisotope acts as a 
contrast agent to permit visualiZation of the composition 
during delivery (e.g., catheter delivery). Alternatively, a 
non-radioactive contrast agent is employed in combination 
With the radioisotope in order to ensure visualiZation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0047] This invention is directed to methods for treating 
arteriovenous malformations (AVM) in mammals by use of 
radioactive compositions Which methods entail the in vivo 
delivery of radioactive compositions Which are delivered as 
a ?uid to one or more vascular sites leading to or Within the 
AVM. Subsequent solidi?cation of this composition in the 
vascularature results in vascular emboliZation Which 
occludes the blood vessel and removes the AVM from 
systemic circulation. In turn, such emboliZation ablates at 
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least part of the AVM and delivers a controlled amount of 
radiation to further ablate the AVM and to inhibit regrowth. 

[0048] HoWever, prior to discussing this invention in 
further detail, the following terms Will ?rst be de?ned: 

[0049] The term “biocompatible polymer” refers to poly 
mers Which, in the amounts employed, are non-toxic and 
substantially non-immunogenic When used internally in the 
patient and Which are substantially insoluble in the body 
?uid of the mammal. The biocompatible polymer can be 
either biodegradable or, preferably, non-biodegradable. 

[0050] Biodegradable polymers are disclosed in the art.1>3 
For example, Dunn, et al.1 discloses the folloWing examples 
of biodegradable polymers: linear-chain polymers such as 
polylactides, polyglycolides, polycaprolactones, polyanhy 
drides, polyamides, polymrethanes, polyesteramides, poly 
orthoesters, polydioxanones, polyacetals, polyketals, poly 
carbonates, polyorthocarbonates, polyphosphaZenes, 
polyhydroxybutyrates, polyhydroxyvalerates, polyalkylene 
oxalates, polyalkylene succinates, poly(malic acid), 
poly(amino acids), polyvinylpyrrolidone, polyethylene gly 
col, polyhydroxycellulose, chitin, chitosan, and copolymers, 
terpolymers and combinations thereof. Other biodegradable 
polymers include, for example, ?brin, gelatin, collagen, etc. 

[0051] Suitable non-biodegradable biocompatible poly 
mers include, by Way of example, cellulose acetates2>6'7 
(including cellulose diacetates), ethylene vinyl alcohol 
copolymers4>8, hydrogels (e.g., acrylics), polyacrylonitrile, 
polyvinylacetate, cellulose acetate butyrate, nitrocellulose, 
copolymers of urethane/carbonate, copolymers of styrene/ 
maleic acid, and mixtures thereof. 

[0052] Preferably, the biocompatible polymer employed 
does not cause an adverse in?ammatory reaction When 
employed in vivo. The particular biocompatible polymer 
employed is selected relative to the viscosity of the resulting 
polymer solution, the solubility of the biocompatible poly 
mer in the biocompatible solvent, and the like. For example, 
the selected biocompatible polymer should be soluble in the 
amounts employed in the selected biocompatible solvent and 
the resulting composition should have a viscosity suitable 
for in vivo delivery by, e.g., injection. Such factors are Well 
Within the skill of the art. 

[0053] Preferred biocompatible polymers include cellu 
lose diacetate and ethylene vinyl alcohol copolymer. Cellu 
lose diacetate polymers are either commercially available or 
can be prepared by art recogniZed procedures. In a preferred 
embodiment, the number average molecular Weight, as 
determined by gel permeation chromatography, of the cel 
lulose diacetate composition is from about 25,000 to about 
100,000 more preferably from about 50,000 to about 75,000 
and still more preferably from about 58,000 to 64,000. The 
Weight average molecular Weight of the cellulose diacetate 
composition, as determined by gel permeation chromatog 
raphy, is preferably from about 50,000 to 200,000 and more 
preferably from about 100,000 to about 180,000. As is 
apparent to one skilled in the art, With all other factors being 
equal, cellulose diacetate polymers having a loWer molecu 
lar Weight Will impart a loWer viscosity to the composition 
as compared to higher molecular Weight polymers. Accord 
ingly, adjustment of the viscosity of the composition can be 
readily achieved by merely adjusting the molecular Weight 
of the polymer composition. 
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[0054] Ethylene vinyl alcohol copolymers comprise resi 
dues of both ethylene and vinyl alcohol monomers. Small 
amounts (e.g., less than 5 mole percent) of additional 
monomers can be included in the polymer structure or 
grafted thereon provided such additional monomers do not 
alter the properties of the composition. Such additional 
monomers include, by Way of example only, maleic anhy 
dride, styrene, propylene, acrylic acid, vinyl acetate and the 
like. 

[0055] Ethylene vinyl alcohol copolymers are either com 
mercially available or can be prepared by art recogniZed 
procedures. For ease of injection, the ethylene vinyl alcohol 
copolymer composition is preferably selected such that a 
solution of 5 Weight percent of the ethylene vinyl alcohol 
copolymer, 20 Weight percent of a tantalum contrast agent in 
DMSO has a viscosity equal to or less than 60 centipoise at 
20° C. As is apparent to one skilled in the art, With all other 
facts being equal, copolymers having a loWer molecular 
Weight Will impart a loWer viscosity to the composition as 
compared to higher molecular Weight copolymers. Accord 
ingly, adjustment of the viscosity of the composition as 
necessary for catheter delivery can be readily achieved by 
merely adjusting the molecular Weight of the copolymer 
composition. 

[0056] As is also apparent, the ratio of ethylene to vinyl 
alcohol in the copolymer affects the overall hydrophobicity/ 
hydrophilicity of the composition Which, in turn, affects the 
relative Water solubility/insolubility of the composition as 
Well as the rate of precipitation of the copolymer in an 
aqueous environment (e.g., blood or tissue). In a particularly 
preferred embodiment, the copolymers employed herein 
comprise a mole percent of ethylene of from about 25 to 
about 60 and a mole percent of vinyl alcohol of from about 
40 to about 75. Even more preferably, the copolymers 
employed herein comprise a mole percent of ethylene of 
from about 38 to about 48 and a mole percent of vinyl 
alcohol of from about 52 to about 62. These compositions 
provide for requisite precipitation rates suitable for use in 
the methods described therein. 

[0057] The term “contrast agent” refers to a biocompatible 
radiopaque material capable of being monitored during 
injection into a mammalian subject by, for example, radi 
ography. The contrast agent can be either Water soluble or 
Water insoluble and preferably does not contain radioactivity 
above the native or endogenous amounts naturally occurring 
in the elements employed (i.e., are “non-radioactive”). 

[0058] Examples of Water soluble contrast agents include 
metriZamide, iopamidol, iothalamate sodium, iodomide 
sodium, and meglumine. Examples of Water insoluble con 
trast agents include tantalum, tantalum oxide, and barium 
sulfate, each of Which is commercially available in the 
proper form for in vivo use including a preferred particle 
siZe of about 10 pm or less. Other Water insoluble contrast 
agents include gold, tungsten, and platinum poWders. 

[0059] Preferably, the contrast agent is Water insoluble 
(i.e., has a Water solubility of less than 0.01 mg/ml at 20° C). 

[0060] The term “biocompatible solvent” refers to an 
organic material liquid at least at body temperature of the 
mammal in Which the biocompatible polymer is soluble and, 
in the amounts used, is substantially non-toxic. Suitable 
biocompatible solvents include, by Way of example, dim 
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ethylsulfoxide, analogues/homologues of dimethylsulfox 
ide, ethanol, acetone, ethyl lactate, and the like. Aqueous 
mixtures With the biocompatible solvent can also be 
employed provided that the amount of Water employed is 
sufficiently small that the dissolved polymer precipitates 
upon contact With the blood. Preferably, the biocompatible 
solvent is dimethylsulfoxide. 

[0061] The term “encapsulation” as used relative to the 
contrast agent being encapsulated in the polymer precipitate 
is not meant to infer any physical entrapment of the contrast 
agent Within the precipitate much as a capsule encapsulates 
a medicament. Rather, this term is used to mean that an 
integral coherent precipitate forms Which does not separate 
into individual components. 

[0062] The term “biocompatible prepolymer” refers to 
materials Which polymeriZe in situ to form a polymer and 
Which, in the amounts employed, are non-toxic and substan 
tially non-immunogenic When used internally in the patient 
and Which are substantially insoluble in blood. Suitable 
biocompatible prepolymers include, by Way of example, 
urethanes, cyanoacrylateslo’ll’lz, (C1-C6)hydroxyalkyl 
(C1-C6)alkacrylate (e.g., hydroxyethyl methacrylate), sili 
cone prepolymers, and the like. The prepolymer can either 
be a monomer or a reactive oligomer12. Preferably, the 
biocompatible prepolymer does not cause an adverse in?am 
matory reaction When employed in vivo. 

[0063] The term “radioisotope” refers to naturally or non 
naturally occurring Water insoluble radioisotopes conven 
tionally employed in nuclear medicine including, by Way of 
example only, 9Oyttrium, 192iridium, 198gold, 125iodine, 
137cesium, 6Ocobalt, 55cobalt, 56cobalt, 57cobalt, 52magne 
sium, 55iron, 32phosphorus, and 9Ostrontium. Other radionu 
clides currently being produced for use in nuclear medicine 
include, for example, 81rubidium, 206bismuth, 67gallium, 
77bromine, 129cesium, 73selenium, 72selenium, 72arsenic, 
103palladium, 203lead, 111lindium, 52iron, 167thulium, 
57nickel, 62Zinc, 61copper, 201thallium, and 123iodine. Each 
of these isotopes can be made by standard techniques Well 
knoWn in the art. Additionally, radioisotopes Which are 
Water soluble or Water reactable are typically used as Water 
insoluble salts including, for example, organic salts thereof 
such as acetate salts, proprionate salts, etc. It is understood 
that the term “radioisotope” includes the elemental isotope 
as Well as inorganic and organics salts, complexes and/or 
compounds thereof. 

[0064] In one embodiment, radioisotopes having a suf? 
ciently high atomic number so as to be radiopaque can be 
used to serve both as a source of radiation and as a Water 

insoluble contrast agent for detection under ?uoroscopy. 

[0065] In another embodiment, a separate non-radioactive 
contrast agent is employed in conjunction With the radio 
isotope. 

[0066] The term “absorbed dose” or “radiation dose” 
refers to the dose of radiation typically employed by the 
attending oncologist in treating AVMs. The radiation dose is 
de?ned in terms of energy deposited per unit mass, given in 
the folloWing units: 1 Gray (Gy)=1 Joule per kilogram. In 
the past, the standard unit of radiotherapy Was 1 rad, and 1 
Gy=100 rads. 
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[0067] Compositions 
[0068] The polymer or prepolymer compositions 
employed in the methods of this invention are preferably 
?rst prepared Without radioactive agents by conventional 
methods Whereby each of the components is added and the 
resulting composition mixed together until the overall com 
position is substantially homogeneous. Examples of radio 
active compositions are described by Greff, et al.15 

[0069] For example, polymer compositions can be pre 
pared by adding suf?cient amounts of the biocompatible 
polymer to the biocompatible solvent to achieve the effec 
tive concentration for the polymer composition. Preferably, 
the polymer composition Will comprise from about 2.5 to 
about 8.0 Weight percent of the biocompatible polymer 
composition based on the total Weight of the polymer 
composition and more preferably from about 4 to about 5.2 
Weight percent. If necessary, gentle heating and stirring can 
be used to effect dissolution of the biocompatible polymer 
into the biocompatible solvent, e.g., 12 hours at 50° C. 

[0070] Where a separate non-radioactive contrast agent is 
employed, suf?cient amounts of this contrast agent are then 
added to the biocompatible solvent to achieve the effective 
concentration for the complete composition. Preferably, the 
composition Will comprise from about 7 to about 40 Weight 
percent of total contrast agent (non-radioactive contrast 
agent plus any radiopaque radioisotope) and more preferably 
from about 14 to about 30 Weight percent and even more 
preferably about 22 Weight percent. 

[0071] The biocompatible solvent preferably comprises 
from about 40 to about 90 Weight percent of the composition 
based on the total Weight of the composition and more 
preferably about 50 to about 90 Weight percent. 

[0072] When a Water soluble non-radioactive contrast 
agent is employed, the agent is typically soluble in the 
solution comprising the non-aqueous solvent and stirring is 
effected to render the composition homogeneous. 

[0073] When a Water insoluble non-radioactive contrast 
agent is employed, the agent is insoluble in the biocompat 
ible solvent, and stirring is employed to effect homogeneity 
of the resulting suspension. In order to enhance formation of 
the suspension, the particle siZe of the Water insoluble 
non-radioactive contrast agent is preferably maintained at 
about 10 pm or less and more preferably at from about 1 to 
about 5 pm (e.g., an average siZe of about 2 pm). 

[0074] In one embodiment, a non-radioactive contrast 
agent having a particle siZe of less than 10 pm is prepared, 
for example, by fractionation. In such an embodiment, a 
non-radioactive Water insoluble contrast agent such as tan 
talum, having an average particle siZe of less than about 20 
pm, is added to an organic liquid such as ethanol (absolute) 
preferably in a clean environment. Agitation of the resulting 
suspension folloWed by settling for approximately 40 sec 
onds permits the larger particles to settle faster. Removal of 
the upper portion of the organic liquid folloWed by separa 
tion of the liquid from the particles results in a reduction of 
the particle siZe Which is con?rmed under an optical micro 
scope. The process is optionally repeated until a desired 
average particle siZe is reached. 

[0075] The particular order of addition of components to 
the biocompatible solvent is not critical and stirring of the 
resulting suspension is conducted as necessary to achieve 
homogeneity of the composition. Preferably, mixing/stirring 
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of the composition is conducted under an anhydrous atmo 
sphere at ambient pressure. The resulting composition can 
be heat sterilized and then stored preferably in sealed bottles 
or vials until needed. 

[0076] Each of the polymers recited herein is commer 
cially available or can be prepared by methods Well knoWn 
in the art. For example, polymers are typically prepared by 
conventional techniques such as radical, thermal, UV, y 
irradiation, or electron beam induced polymeriZation 
employing, as necessary, a polymeriZation catalyst or poly 
meriZation initiator to provide for the polymer composition. 
The speci?c manner of polymeriZation is not critical and the 
polymeriZation techniques employed do not form a part of 
this invention. 

[0077] In order to maintain solubility in the biocompatible 
solvent, the polymers described herein are preferably not 
cross-linked. 

[0078] Prepolymer compositions can be prepared by add 
ing sufficient amounts of any non-radioactive contrast agent 
employed in the liquid (e.g., liquid prepolymer) to achieve 
the effective concentration for the complete prepolymer 
composition. Preferably, the total contrast agent (non-radio 
active contrast agent plus any radiopaque radioisotope) Will 
comprise from about 7 to about 40 Weight percent of the 
prepolymer composition based on the total Weight of the 
composition and more preferably from about 14 to about 30 
Weight percent and even more preferably about 22 Weight 
percent. 

[0079] When a non-radioactive contrast agent is used 
Which is not soluble in the biocompatible prepolymer com 
position, stirring is employed to effect homogeneity of the 
resulting suspension. In order to enhance formation of the 
suspension, the particle siZe of the insoluble non-radioactive 
contrast agent is preferably maintained at about 10 pm or 
less and more preferably at from about 1 to about 5 pm (e.g., 
an average siZe of about 2 pm). 

[0080] When the prepolymer is liquid (as in the case of 
cyanoacrylates or silicone), the use of a biocompatible 
solvent is not strictly necessary but may be preferred to 
provide for an appropriate viscosity, for an appropriate 
curing time, etc. in the composition. Preferably, When 
employed, the biocompatible solvent Will comprise from 
about 30 to about 90 Weight percent of the biocompatible 
prepolymer composition based on the total Weight of the 
prepolymer composition and more preferably from about 60 
to about 80 Weight percent. When a biocompatible solvent is 
employed, the prepolymeric composition typically com 
prises from about 10 to about 50 Weight percent of the 
prepolymer based on the, total Weight of the composition. 

[0081] Suitable solvents include iodinated soy bean or 
poppy seed oil for cyanoacrylates and Water for hydroxy 
acrylics such as hydroxyethyl methacrylate. In such cases, 
the oil acts both as a carrier for the prepolymer, a contrast 
agent and a polymeriZation time modi?er. Other solvents 
include hexamethyldisiloxane Which is preferaoly employed 
in conjunction With silicone. 

[0082] In a particularly preferred embodiment, the pre 
polymer is a cyanoacrylate Which is preferably employed in 
a 1:1 ratio With an iodinated oil. When so employed, the 
cyanoacrylate adhesive is selected to have a viscosity of 
from about 5 to about 40 centipoise at 20° C. 
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[0083] The radioisotope is preferably added to the other 
Wise complete composition immediately prior to the admin 
istration of the composition to the patient in order to reduce 
exposure of radiation to the clinician. In a preferred embodi 
ment, the radioisotope is 192iridium, 198gold, 125iodine, 
137cesium or 6Ocobalt. The radioisotope and its activity are 
preferably selected relative to the siZe and location of the 
AVM in the patient. This material may also be used as part 
of or the entire contrast agent to aid in the placement of the 
composition, usually by ?uoroscopy, to cause ablation or 
obliteration of at least a portion of the AVM. 

[0084] Treatment dosages of radiation employed in a 
particular patient are, of course, dependent upon the judg 
ment of the attending clinician and nuclear medicine pro 
fessional depending upon factors such as the type and 
severity of the AVM in the patient, the age, Weight and 
general condition of the patient, the toxicity and/or side 
effects due to the radiation treatment and the like. Such 
factors are Well knoWn to the skilled artisan. 

[0085] In any event, in this embodiment, suf?cient levels 
of radiation are employed to effect obliteration of at least 
part of the AVM and to inhibit regroWth of the AVM. 

[0086] In vieW of the above, the compositions described 
herein preferably comprise from about 0.1 to about 35 
Weight percent of a Water insoluble radioisotope having 
from a radioactive content of from about 0.1 microcurie to 
about 35 microcurie. In another preferred embodiment, the 
amount and radioactive content of the radioisotope is suf 
?cient to provide for a cumulative ionizing radiation dosage 
at the site of implantation in a mammalian subject of from 
about 3 to 30 Gray (Gy). 

[0087] The solid mass formed by the methods of this 
invention is permanently placed Within the patient. 

[0088] Methods 

[0089] The compositions described above can be 
employed in the treatment of AVMs in mammals. The 
treatment protocol includes assessing the AVM volume, 
determine the total radiation activity needed to treat the 
AVM and determine the vascular site or sites to deliver the 
compositions. Each of these steps is Well knoWn in the art. 

[0090] When the polymeric composition is introduced in 
vivo, the biocompatible solvent diffuses rapidly into the 
body ?uid and a solid, non-migratory precipitate or solid 
mass forms Which precipitate is the Water insoluble polymer 
and radioisotope encapsulated therein as Well as any non 
radioactive Water insoluble contrast agent. Without being 
limited to any theory, it is believed that initially, a soft gel 
to spongy solid precipitate or solid mass forms upon contact 
With the body ?uid. 

[0091] When a prepolymeric composition is introduced in 
vivo, the prepolymer rapidly polymeriZes in situ (preferably 
in less than 15 minutes and more preferably in less than 5 
minutes) and a solid non-migratory mass forms Which mass 
is the Water insoluble polymer and radioisotope encapsu 
lated therein as Well as any non-radioactive Water insoluble 
contrast agent. 

[0092] In either case, a solid non-migratory radioactive 
mass forms in the AVM Which emboliZes at least a portion 
of the AVM. In addition, the radiation employed in the 
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composition results in further ablation of the AVM and 
inhibits angiogenesis of new vascular growth. 

[0093] Utility 
[0094] The compositions described herein are useful in 
ablating AVMs. The composition is delivered to a vascular 
site leading to or within an AVM by known endovascular 
catheter techniques and is employed in a sufficient amount 
to emboliZe the vascular site thereby ablating at least a 
portion of the AVM. In addition, the level of radiation 
employed in the composition delivered is suf?cient to fur 
ther ablate at least a portion of the AVM and to inhibit 
regrowth of the AVM. The in situ delivery of a low dose of 
radiation per this invention permits sustained release of the 
radiation to site speci?c areas within the body thereby 
yielding a prolonged effect with minimal collateral damage. 
In addition, the relatively low dose of radiation employed 
permits more facile handling of the composition with mini 
mal or no shielding due to low exposure to radiation by the 
attending clinician. Accordingly, these compositions ?nd 
use in human and other mammalian subjects requiring 
treatment of AVMs. 

[0095] The following examples are set forth to illustrate 
the claimed invention and are not to be construed as a 
limitation thereof. 

EXAMPLES 

[0096] Unless otherwise stated, all temperatures are in 
degrees Celsius. Also, in these examples and elsewhere, the 
following abbreviations have the following meanings: 

cc cubic centimeter 

DMSO = dimethylsulfoxide 

EVOH = ethylene vinyl alcohol copolymer 
g = gram 

Gy = gray (units for dose of radiation; 
1 Gy = 1 I per kg = 100 rads) 

kg = kilogram 
mg = milligram 
mL = milliliter 

ppm = parts per million 
,uCi = microCurie 

,um = micron 

Example 1 

[0097] The purpose of this example is to demonstrate the 
preparation of polymer compositions useful in this inven 
tion. These compositions were prepared using “cold” iso 
topes in order to illustrate the compatibility of the compo 
sitions and suitability for delivery in vivo, It is understood 
that “hot” compositions could be similarly prepared. 

[0098] Speci?cally, an EVOH polymer composition was 
prepared as follows: 

[0099] Composition 

[0100] 0.396 g EVOH (48 mole percent ethylene); 

[0101] 1.485 g microniZed tantalum; and 

[0102] 4.95 mL DMSO. 

[0103] After dissolution of the polymer at 50° C., 3 cc of 
this composition was then added to 0.03 g iridium powder 
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(Aldrich Chemical Company, Milwaukee, Wis., USA, Cata 
log No. 20968-6, 99.9% purity, screened to <25 pm) to 
provide for a suspension comprising 0.4% by weight iridium 
(“cold” or non-radioactive). The resulting composition was 
then shaken for 4 minutes to disperse the insoluble materials. 
Immediately, 0.8 cc of the suspension was withdrawn via a 
1 cc syringe through a 21 gauge needle. Three 0.1 cc aliquots 
were then injected into an excess of normal saline main 
tained at about 37° C. to generate the precipitate. The saline 
was then stirred for about 10 minutes whereupon the pre 
cipitate was examined for inner/outer consistency. In each 
case, a solid coherent precipitate formed in the saline. 

[0104] The procedure set forth above was repeated twice. 
In the ?rst instance, the amount of tantalum powder was 
changed to 14 weight percent and the amount of iridium 
powder was increased to 6 weight percent. In the second 
instance, the tantalum powder was removed from the com 
position and the amount of iridium adjusted to 20 weight 
percent. In each case, the total amount of tantalum/iridium 
was about 20 weight percent. 

[0105] Both compositions, upon injection into saline, pro 
vided a solid coherent precipitate. 

Example 2 

[0106] The purpose of this example is to demonstrate the 
preparation of a prepolymer composition useful in this 
invention. This compositions was prepared using “cold” 
isotopes in order to illustrate the compatibility of the com 
position and suitability for delivery in vivo. It is understood 
that “hot” compositions could be similarly prepared. 

[0107] Speci?cally, a cyanoacrylate prepolymer composi 
tion was prepared by adding 500 mg of iridium non 
radioactive powder (Aldrich Chemical Company, Milwau 
kee, Wis., USA, Catalog No. 20968-6, 99.9% purity, 
screened to <25 pm) to 2 g n-butyl cyanoacrylate containing 
100 ppm SO2 as a stabiliZer to yield a composition com 
prising 20% by weight of iridium. The ingredients mixed 
well, yielding a black/gray suspension. The iridium settled 
within several seconds after mixing, so constant, gentle 
agitation was required. 

[0108] In this regard, a higher viscosity cyanoacrylate 
composition (e.g., using a cyanoacrylate oligomer) could be 
used to prolong the suspension time of the iridium or, 
alternatively, a smaller particle siZe of the iridium can be 
used. 

[0109] The mixture remained liquid with no signs of 
premature polymeriZation when evaluated at one hour after 
mixing and again after 12 days thereby evidencing that the 
iridium was compatible in this composition. 

[0110] About 0.2 cc of this composition was taken up in a 
1 cc syringe through a 21 gage needle and injected into about 
150 cc of an aqueous solution of 0.1 N NaHCO3 to simulate 
a tissue environment and cure the prepolymer. Upon injec 
tion, three small black/gray droplets were formed which 
immediately fell to the bottom of the container. It took about 
15 minutes for the cyanoacrylate to fully cure and to be tack 
free. 

[0111] The procedure set forth above was repeated with 
the n-butyl cyanoacrylate alone (i.e., without the iridium) 
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and the cyanoacrylate cured in approximately the same time 
evidencing that the iridium Was compatible With the 
cyanoacrylate. 

Example 3 

[0112] The purpose of this example is to illustrate hoW to 
deliver the composition of either Example 1 or 2 to an AVM 
of a mammal. This example employs a pig and uses the 
recognized rete mirabele vasculature in the brain as the AVM 
model. 

[0113] Speci?cally, a male pig (25 kg) is selected for use 
in this example. At this time, 1.0 mL of a 0.4% iridium 
composition described in Example 1 above (except that the 
iridium has a radioactive content of 15 pCi and is added 
immediately prior to ?lling of the syringe and injection) is 
shaken to ensure homogeniety and then loaded into a 1 cc 
syringe. A compatible catheter such as an EasyRiderTM 
catheter (available from Micro Therapeutics, Inc., Irvine, 
California, USA) is positioned at a vascular site 5 mm 
proximal to the rete mirabele With the aid of ?uoroscopy to 
ensure proper positioning. Positioning of this catheter is 
achieved by femoral access then traversal through the 
carotid to the pharnygeal arterties. Approximately 0.2 mL of 
this composition is then injected into vasculature. Upon 
introduction into the vascular site, a solid coherent precipi 
tate forms Which comprises the polymer, the contrast agent 
and the iridium Which solidi?es in the blood vessel thereby 
ablating at least a portion of the blood vessel. This is 
con?rmed With injection of contrast agent to visualiZe the 
lack of blood?oW thought the rete. 

[0114] Over 30 days, the amount of radiation delivered 
internally to the AVM of the dog is about 15 Gy. 

[0115] From the foregoing description, various modi?ca 
tions and changes in the composition and method Will occur 
to those skilled in the art. All such modi?cations coming 
Within the scope of the appended claims are intended to be 
included therein. 

What is claimed is: 
1. Amethod for treating an arteriovenous malformation in 

a mammal Which method comprises: 

(a) selecting a ?uidic composition comprising a biocom 
patible polymer, a biocompatible solvent and a Water 
insoluble radioisotope; and 

(b) injecting a suf?cient amount of said composition into 
one or more vascular sites leading to or Within the AVM 
under conditions Wherein a solid mass is formed 
thereby ablating at least part of the AVM 

Wherein the radioisotope is employed in an amount 
effective to further ablate the AVM and inhibit 
regroWth of the AVM. 

2. The method according to claim 1 Wherein said bio 
compatible solvent is selected from the group consisting of 
dimethylsulfoxide, ethanol, ethyl lactate and acetone. 

3. The method according to claim 2 Wherein said bio 
compatible solvent is dimethylsulfoxide. 

4. The method according to claim 1 Wherein said Water 
insoluble biocompatible polymer is selected from the group 
consisting of biodegradable and non-biodegradable poly 
mers. 
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5. The method according to claim 4 Wherein said bio 
compatible polymer is non-biodegradable. 

6. The method according to claim 5 Wherein said non 
biodegradable biocompatible polymer is selected from the 
group consisting of cellulose acetates, ethylene vinyl alcohol 
copolymers, hydrogels, polyacrylonitrile, polyvinylacetate, 
cellulose acetate butyrate, nitrocellulose, copolymers of 
urethane/carbonate, copolymers of styrene/maleic acid, and 
mixtures thereof. 

7. The method according to claim 6 Wherein said non 
biodegradable biocompatible polymer is a copolymer of 
ethylene and vinyl alcohol. 

8. The method according to claim 4 Wherein said bio 
compatible polymer is biodegradable. 

9. The method according to claim 8 Wherein said biode 
gradable biocompatible polymer is a linear-chain polymer 
selected from the group consisting of polylactides, polyg 
lycolides, polycaprolactones, polyanhydrides, polyamides, 
polyurethanes, polyesteramnides, polyorthoesters, poly 
dioxanones, polyacetals, polyketals, polycarbonates, poly 
orthocarbonates, polyphosphaZenes, polyhydroxybutyrates, 
polyhydroxyvalerates, polyalkylene oxalates, polyalkylene 
succinates, poly(malic acid), poly(amino acids), polyvi 
nylpyrrolidone, polyethylene glycol, polyhydroxycellulose, 
chitin, chitosan, copolymers, terpolymers thereof, gelatin, 
?brin and collagen. 

10. The method according to claim 1 Wherein said radio 
isotope is selected from the group consisting of 9Oyttrium, 
192iridium, 198gold, 125iodine, 137cesium, 6Ocobalt, 55cobalt, 
56cobalt, 57cobalt, 57magnesium, 55iron, 32phosphorus, 
9Ostrontium, 8lrubidium, 206bismuth, 67gallium, 77bromine, 
129cesium, 73selenium, 72selenium, 72arsenic, 103palladium, 
203lead, 111indium, 52iron, 167thulium, 57nickel, 62Zinc, 
61copper, 201thallium and 123iodine. 

11. The method according to claim 1 Which further 
comprises a non-radioactive contrast agent. 

12. The method according to claim 11 Wherein said 
non-radioactive contrast agent is Water soluble. 

13. The method according to claim 12 Wherein said Water 
soluble non-radioactive contrast agent is selected from the 
group consisting of metriZamide, iopamidol, iothalamate 
sodium, iodomide sodium, and meglumnine. 

14. The method according to claim 11 Wherein said 
non-radioactive contrast agent is Water insoluble. 

15. The method according to claim 14 Wherein said Water 
insoluble contrast agent is tantalum, tantalum oxide, barium 
sulfate, tungsten, gold and platinum. 

16. The method according to claim 1 Wherein said ?uidic 
composition comprises from about 0.1 to about 35 Weight 
percent of a Water insoluble radioisotope having from a 
radioactive content of from about 0.1 microcurie to about 35 
microcurie. 

17. A method for treating an arteriovenous malformation 
in a mammal Which method comprises: 

(a) selecting a ?uidic composition comprising a biocom 
patible prepolymer, a Water insoluble radioisotope and 
optionally a biocompatible solvent; and 

(b) injecting a suf?cient amount of said composition into 
one or more vascular sites leading to or Within the AVM 
under conditions Wherein a solid mass is formed 
thereby ablating at least part of the AVM 
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wherein the radioisotope is employed in an amount 
effective to further ablate the AVM and to inhibit 

regrowth of the AVM. 

18. The method according to claim 16 Wherein said 
biocompatible prepolymer is selected from the group con 
sisting of cyanoacrylates, urethanes, (C1-C6)hydroxyalkyl, 
(C1-C6)alkacrylate, and silicone prepolymers. 

19. The method according to claim 18 Wherein said 
biocompatible prepolymer is a cyanoacrylate. 

20. The method according to claim 17 Wherein said 
radioisotope is selected from the group consisting of 
9Oyttrium, 192iridium, 198gold, 125iodine, 137cesium, 
6Ocobalt, 55cobalt, 56cobalt, 57cobalt, 57magnesium, 55iron, 
32phosphorus, 9Ostrontium, 81rubidium, 206bismuth, 67gal 
lium, 77bromine, 129cesium, 73selenium, 72selenium, 
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72arsenic, 1O3palladium, 203lead, lllindium, 52iron, 167thu 
lium, 57nickel, 62Zinc, 61copper, 2Olthallium, 123iodine and 
salts thereof. 

21. The method according to claim 17 Which further 
comprises a non-radioactive contrast agent. 

22. The method according to claim 21 Wherein said 
non-radioactive contrast agent is Water soluble. 

23. The method according to claim 22 Wherein said Water 
soluble non-radioactive contrast agent is selected from the 
group consisting of metriZamide, iopamidol, iothalamate 
sodium, iodomide sodium, and meglumine. 

24. The method according to claim 21 Wherein said 
non-radioactive contrast agent is Water insoluble. 

25. The method according to claim 24 Wherein said Water 
insoluble contrast agent is tantalum, tantalum oxide, barium 
sulfate, tungsten, gold and platinum. 

* * * * * 


